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SUMMARY 

Til* high cost of bulletins »nd operating phyeicnl iod«l«, 

such as aoc'K-ups sod game simulations, leads to $h$  use of 

symbolic models for ova luatiny; complex Ban-machine systeas.  This 

engenders extennlva computational problem* particularly suited to 

solution on digital computers because of chair inherent flexibility, 

l'he cowplexit> of the system Is reflected in the complexity of the 

set of instructions for the computer.  A large nusber of errors ar« 

almost inevitable •shea the code is written directly in the te&wiilne 

language, and the resulting code Is extremely difficult to check. 

The difficulty is overcome ?>jr defining au easily understood arti- 

ficial language t'ahc  ths coder can use for writing the sst cf 

instructions.  This* language Is then translated by automatic 

machinery into explicit Instructions in the machine language. 

The language is described for the use of the Naval Research Lab- 

oratory computer and tro methods for automatic translation are 

explained.  Q?ie usss elementary IBM machinery in a self-checking 

pro'j&ee, the other uses the computer itself for performing the 

translation.  The IBM procedure is described in  detail in tfeft 

first appendix and a fully annotated code for the computer trans- 

lation is included in the second appeals. 
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ISfaOPOCTlOM 

Muck of engineering prediction is den* by the us# of ao4als, end 

la general two typos emu DO distinguished — physical and symbolic. 

Such a distinction, of course, is not precise and alxed types »r» 

•eastlass used.  A physical aodel "looks" like the real object. A 

scale eodel of an airplane for use in a wind tunnel is an esaaplv of 

a physical eodel.  Certain characteristics of the real object end its 

enrlr?aaent are abstracted and rule* of correspondence between the real 

and siaulated systeas,.«laarli .aasi^uitW,  Inference* are draws about 
/•        . '  J v  " -* *^ hi tfi       \, 

the behavior of the real object in a real ©e>ironaent froa the be- 

:,:>./ •:-  i U A 
havior of the ao^ei Is the aodel environaent.  A parallel situation 

exists for the symboli^ aodel.  l»*re .$*• basic correspondence lies 

betwan «?!s*rastertstics «r i«s rsai oojecc in the context cf its real 

environment and a set of syabols. 

In dealing with systeas, eotco fore of aodel aust be used since 

the physical reality is generally too large to b« exaained under coc- 

trolled conditions.  The choice liee between a physical aodel and a 

syafc<*»Iie aodel.  The physical *iodei would be « sock-up of tee systtea. 

Hook-ups of any reasonable else syetan ar« very costly au*l quite upecxal 
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to the particular syeteu.  Sysbollc acdsla are inexpensive aad tte» 

sar.e cos^uting Machinery cba be used to evaluate tk# wodel of any 

syst<3ta.  Although lo*tu«otiTt and easy to coatrol, the syabolic aodel 

suffers frss its degree of abstraction fro* ths physical reality.  At- 

tempts to iaprove the correspondence lead to cuabersowe and intricate 

descriptions which of courae turn into cusbsrsoae &nd intricate series 

of instructions to a computer. 

Generally, the correspondence between ecdel an^ -eality is in 

teras of measures,  a sytsbo^, if) vtfSAd to represent a numerical Measure of 
• * /* 

• - '"'/  \ 

aose property of the real situation.  The rules describing interactions 

between the nuabers associated with the symbols are presumed to hold 

for interactions baitttsn the eeasur«nM»ftt* of pro*v»rtles of the real 

syetea.  These rules »*-• *an»v»»iiy «ji.c«»a*d <« •«9»«.« «# »W=J •••»..- 

eaatical discipline or disciplines and carry the implication that 

tie aeawures and their interact;ions satisfy the definitions and axioas 

of tae foraai discipline.  Thus there are two set* of rules which the 

cciiB<>i»t scat tfm.ti.mij i     fca« special, corresponding Ko  tin*  particular 

aodel, and the general, corresponding to the Mathematical disc Splice, 

a large aav»n'virv is, of course, that aany broad relationships cosj- 

msmss^kwsBgs^fSB^ssssi 
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i 
ctrnteg th* «rxy in s&ich the general sr«le» »r* ioter-relateti *«/«» been 

previously derived wit bio tie frs»*#orlt of deductive logic.  If, for 

exaspls, the eotios of » physical ayatsa see be shewn to be suitably 

described by the differential equation 

X  -f-   f    it)  I  •+•  0 (X) 0. 

thee certain coaditiona on F aad 0 can be statad for which a periodic 

free action of the eye*** xm  possible.  This is Inferred without ex- 

plicitly calculating: *«~ action of the systsa. 

Coapuiers have now aade possible the Manipulation of syabollc 

aodsls of a siae hitherto unfeasible. Before their advent, analytic 

lavestigatioa was the/ ©Vlfc 4wt4s^oT 6d»^s£ «ith aodsls of say decree 
/ **L ***/• \ »       > ... i •, 

of conplesity because of the--^aaoese <o*d difficulty ef mmsrleaX cai- 

cu 1st lea.     I-deed aaalyels has paid treaeadaefs divldeada la the cost 
\ 

a»d tiae involved In aahiaf satfABeirrfag; predictioas. As a result, however, 

the entire process of aodel construction has besn so colored by the 

requirements of analysis that oftsa needless effort is esneaded iia put- 

ting im desT?ri=!?i&3 f«r a ecepu**" ~=*e ?»ep^-r £ora for analytic 1«- 

fereaee, even when there le no intention of attempting to *»** such 

inferences. 



fiowever, iff a relatively direct description ox the physical 

systss is c--Ma put or terns is eaployed several adr&atages accrue. 

First, there is a clear correspondence b»{w«ii th* ceaputsr variables 

sad their interactions and ths physical variables and their inter- 

act ione, which leads to a computer cods that is easy to check for 

its consistency and its ciossnsss to rsality.  Second, dirsct 

description tends to re«ove ths strictures xapossd by forcing ths 

•odsi to coafora to special tsatasnatical proportion*  For esaaple. 

if ths ^rjblsa is to eowpute ths behavior of a cysts* bsst dee- 

crlbed by a aon-linoar^difjhirsntiai igtfrtibc, a stro&s tssiancy 

exists to linearise ths c^smi^en and then solve it. Actually for 

tee cosjpus'ter ther^ is only slight dlffsrssje'e in difficulty between 

a liasar and non-linear s<f Katies,  la fact, as far as describing 

ths systss is concerned, thsrs is littls point in even writing a 

differential equation.  The physical lavs rslatlng ths aeasurss 

can be wittin directly in eosputer terns.  This does^ot inply that 

analytic investigation is sot fruitful, but thttt ths ceaputsr des- 

cription and the analytic description are in gsn.rsl separate 

probieas and should be dealt with separately.  The coaputer descrlptioi 

T^f^S^^tSSBUi 



beccnas then - "sore or Xmma  «Ureot analogue of the real eysten and 

ceo be examined in suck the MM Banner as m  physical analogue.  In 

addition to specific numerical results concerning the seaeures of 

properties associated with the systea, valuable qualitative exam- 

inations are possible, given adequate presentation of the results 

of the cosputcr sodel. 

• . * .1 

e 
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CHAPTER I 

PgCBLggg III TS2 gggggggyigg OF DIGITAL COHPUTW AJUL00PB1 

Th« description of a ooaputer analogue, that is, the simulation 

of coaplax aysteae by aeans or & aat d Instructloss on a largo 

acala digital coaputer, loads to probl»as that aro not ordinarily 

encountered in routine calculation*.  Moat of then* aro engondarad 

by tho cooperatively largo nuaber of instructiona and logical 

alternatives required by the complexity of tho aystea. 

Tho calculation process can be broken down Into five steps. 

These are progressing, aodisg; -eose cinemas,-check run and ea3i- 

culatlon run.  The steps are.not disproof but afv overlapping and 

interacting.  Prograaaing is the planning of the general character 
»•- 

of the aodei to be used. ***^ iara1 ••'*'" the choice of flharaeter- 

isti"* to be represented, the choice of coordinate systems, the 

responses to be recorded, the eevlroaaeats to be exaaiaed, and the 

computational sequences to bo eaployed.  There aro often several 

equivalent aatheaatioal stateaeats of a given relationship.  This is 

particularly true of iterative processes where several sequences 

oouvvrge tc the sane result.  This selwctAora of aethod fails In 

tha task cf progr&uaiaf:.  Codiog is the writing of tho explicit 
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instruct lease Tor the computer, vhereaa cod* clicking ia the re- 

view of TM& coda writing, preferably dona by eoaeone other than tha 

original codar.  The check run ia dona on the computer, and the 

computer reaulte ara coapared with a precalculated problem.  Whan 

tbia procedure ia completed, tha calculation sequence ia run. 

For largo acala computers,  ha coat of com peter tlaa comparea 

with tha co#t of tmenty-to Torty BGS( depending on tha particular 

•achina.  Therefore, on a coat baala batwaan twanty and forty 

man-houra ara vail apant if they save an hour of coaputar run, 

but a hlghar ratio than ptla,1A earnest IJ lojisff iciant.  in ad- 

r     :•>..• *$?    \ 
/ /. .•* 

dltion, thara la of tan a large time pram iua aha*, a coaputar aodal 

;;::'OMf' '••'• 
la uaecf to aid an engineering decialon.  The hjtlaaoa of these 

factora varlee froa proeriam to problem To a large extent time 

apant on programming cannot be exf.hanijed for coaputer tiae.  Thla 

ia not true, however, for coding and code checking.  A typical 

exaa'ple ie the use of floating declaal sub-routines.  Scaling a 

particular coda to retain aig^lficanca under computation ma&hi take 

one-iiundrao «a^~houra for a computing run of five sisutes, not 

counting tt»e apant in reading instruction* in and reoults out. 
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Although floating decimal operations sight take ten times as long in 

oomput«r time, tamlr use here results ia a large net reduetiou In 

total cost of computation, 

Simulation problems are characterized by high ratios of 

instructions to variables and constant*., a high percentage of 

comparisons among the instruct tone, and a requirement for extreme 

£i«*iDllity is description.  Let us assume that a coder writes 

directly in the Machine language.  That is, he uses the »w-»«,lc»l 

fore of the uachine addresses and the nunerioal for* of the machine 

operations.  The 4eseript£*sr"o$~4 a****- -system nay *asily involve, 

C   -\ ' h£    \ 
say, 2.000 single caress instructio~s and perhaps 130 variables , ^ 

•" .— i • .y.\'\ ' \ ••'•• ; 

and constants.     By analogy;   his problem  is similar to ^jfl-.i^g a 
; / 

4,000 word essay in V completely aev language with the penalty 

"" •*»•» III mi m****"' 

that a single mistake in spelling or grammar earns him a mark of 

aero.  The language, moreover, ehaagea not only from problem to problem 

but, in general, whenever the coder makes any sort ol  alteration 

in parts of the description already written^  The cod» ch#ck*r ia 

turn tiust lsarn this lacguago is order to detect any errors in 

tfce'^fcpttiiing", i.e., th«> &44reeeos used in the instructions, or in 

8 

:K-T3S5 
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the 'grammar , i.*.e the logical utructur* of the cod*.  The not 

result ie that at least for systems problems, coding in this form 

Is either Impossible or at best a long and costly process. 

To obviate this difficulty, the coder should be permitted to 

write his description is a sore understandable language.  If this 

language is chosen so that an explicit set of rules can be provided 

for translating the code fro* this form into machine for«, the 

translation can be performed by machinery, eliminating a large 

source of clerical error. Thus, a symbolic coding method saves 

money in time spent on coding, -tl«<s spent 1».code-checking, and, 

^ *   '"* 
because of the reduction l'ih probability of error, computer time 

''';"! !"'"•'. T! I »A    : 

in the check run.  This last aelvantajre might be retraced, if th» 

\ 
computer itself is used t©> perlora the transition. 

'•**->.    | —-«»**»' 

If It is postulated that a general purpose digital computer 

will be used for perforsing the translation, almost complete free- 

dom exists in the choice of language.  The only major difficulty 

asfa is the specification of the rules of translation.  For 

example, standard algebraic notation might be used, treating numbers 

as Bsmbers of the field of real numbers.  A direct translation fr<ra 

& 
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fchie formulation would fail la many la»fc»!'ce» duo t-~ tfc« cc^puter 

limitation to a finite set of allowed nussbers.  At this tine 

insufficiewt knowledge exists concerning this limitation, and 

thus, rules of direct translation cannot be formulated. 

As a compromise two simplifications in the coaputer language 

can be permitted. First, instead of using explicit aachine addresses 

the coder can specify locations by aeans of five arbitrary alpha- 

numerical symbols.  This redundancy permits cueing tlie given 

maaes to  descriptions of the variables, so that the symbol groupings 

have mnemonic content^.-- «e«^q^r^ss> j^j»%*'-can refer to standard 

/''''•. " • - "*    \ 
patterns of instructions by a single symbol, followed by the 

civic.) H . UA ] 
addresses of appropriate variables fer entry/into the pattern. 

10 
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ThQUt   I 

IS3TRPC710N CODS *OR HARSC 

Operation   Coding 
Code      Symbol Operational Instructions 

10 TCI.   Transfer the control to the left-hand order of the 

word at storage location a. 

11 TCR   Transfer the control to the right-hand order of the 

word at storage location s.. 

12 CTL   If the cuabsr in the A register Is greater than or 

equal to zero, transfer the control to the left- 

hand order of. ^he'sjpr^ £t—.storage location s; 

/   0\  • 'V* '• 
/ A  ' * -J     \ otlwrwlse, proceed fc the next order of the routine. 

/•*.'.;     _ > T  • \ 

;;/<'• V! • • 
13 CTR   II' ,tlsf nuaber In the A register is greater than or 

equal *q saro, transfer,4a» control to the right- 
"i mm, i HIinmtr—''" 

hand order of the word at storage location B; other- 

wise, proceed to ths next order of the routine. 

20 Mi   Beplace digits 0 through 12 of the word at storage 

location s by digits 0 through 12 of the word in 

the A register. 

21 MR   .Replace digits 24 through 38 of the word at storage 

location s by digits 0 thrown 12 of the word in 

11 
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Q'l RER   the A register. 

22 INL   increase the storage-locatioa designation of the left- 

hand order of the word at storage location s by one. 

23 INR   Increase the storage-location designation of the right- 

hand order of the word at storage location a  by one. 

30 UL Shift the contents of the A and U registers (excepting 

sign digits) n places to the left.  The overflows on 

the left of the A register are successively placed 

in the vacated digital, poslit4,ons of ths U register, 
•<**   • »  i ij -LI  Vi.  • *v 

while the" vacated positions of the A register are 

• i.d »:---•» » s j. 

sade zoro. 

31 Shift the'xsonteats of the A £*fci»ter (excepting the 
•••- ,J—•.<•"•* 

sign digit) n place* io il>e rlgait.  TL« v*Oit>u 

digital positions on the left take the ea«s condition 

as the sign digit, and the overflow at ths right is 

dropped.  The contents of the U register resaln un- 

changed during this operation. 

RD   Read th-» words between the. "start" and  stop" indi- 

cations fro" the !«a?n*tir £«.?*' of   the aagnetic-tape 

12 



32 RD   reader to consecutive storage locatlonn beginning 

with storage location s. 

33 RC    Record the word at storage location s on the aaernetlc 

tape of the magnetic-tape recorder, 

10 UA    Transfer tliu uunuar in the U register to the A 

register. 

41 AU    Transfer the number in the A register to the u 

register. 

42 FA   Transfer the word in the A register to storage 

location s. . 

43        FU    Transfer the ngftfti*\ijn\ i$&V  register to storage 

locaiionvs. 

50 TA    IVtnafir th« w«r«l af ••<%»•==•= icc*tic~ S tc the ~ 

register. 

•51        MA   Transfer the negative of the nuaber at storage 

location s to the A register. 

52        TAB  Transfer the Absolute value of the nusbsu »t storage 

location a   to the A register. 

13 
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5* teaB   Trfenafer tfc« negative of the absolute valuo of the 

nuaber at storage location * to the A register. 

54 AD   Add the number at storage location a to the word In 

the A register and place the result in the A register. 

RR SU   Add negatively the nusbir at storage location s to the 

word In the A register and place the result in the A 

register. 

56 ADB  Add the absolute value of the nusber at storage loca- 

tion a tc the number in the A register and place the 

57 

80 

61 

result in *fte*;fretfi*te*. 

SUB  Add negatively the absolute value of tho nusber at 

storage location s to the number in the A register and 

place the resit**. *•» *fc» -*• -•^-ji-tsr. 

HO Multiply the nuatsr at storugw location s by the nusber 

in the A register and fors tt« high-order product in the 

A register and the low-order product in the U register, 

UK   Multiply the nusber at atorage location s  by the nusbttr 

in the A register ».Rd fors the rounded-off high-order 

product in the A rwgAStor. 

14 



70 s&   t'ti'iu* tfee nusbar in the A register by the number at 

storage location e and fox^ the rounded-off quotient 

in the A register. 

71 X U  Reset ths U register to ssro. 

80 X A   Ranat the A register to zero. 

81 BT   Transfer the n words it storage locations s, to 

<8j plus (n-l))to storage location s„ to 'sg viiXm 

<n-l) ) respectively. 

82 ST   Stop eachino operation. 

'I  , f 

.'. 

*' 



CHAPTER II 

COPI LAMQgAQE AMD TBAMBLATIOM PROCESSES 

IE the appendicea two different translation a»t«o«s are 

de«or*b<sd; on* uses oleasnt&ry IBM eacainwry. And the other uses a 

large general purpose digital coaputer (the Naval Raaearoh L-tor-ior/ 

Computer - NARKC).  Both tranalation proceaeaa eaploy approxia*i<tly 

tha oaaa baalc coding language.  Thla language has two principal 

feature*, »>-*bolic representation of i»ddr*ee*s, and syabollc reference 

to pattern subroutine*.  Pattern subroutine* differ froa traaafer-of- 

control subroutines in that they are Incorporated in the sain sequence 

of Instructions rather than occupy a set of standard locations. 

If, for exaaple, there 1* a subroutine for finding the dot product 

of three diaenslonai rector*, the pattern fora would appear a* follow* 

(Refer to TABLE I for the Meaning of the operational syabols): 

TA 

MR 

FA 

XI 

Yl 

Tl 

. f   -  ) 
y  A \* i ~> - > * 

y • 

• •I'. . , i 

i« 

MR Y2 

16 



AD Tl 

PA 

TA 

Tl 

X3 

MR Y3 

AD Tl 

This pattern would be included In the main sequence of instruc- 

tions whenever the subroutine i« used, differing only in the addresses 

ef XI,   Yl, X2, Y2, X3. Y3.  As a transfsr-of-control subroutine the 

Instruction set would appear: 

TA XI 

PA 81 

TA 13 

PA S3 

TA XS 

PA 83 

TA Yi 

"  , • - O d> U *,-.-     - v 

....  *»v \ 

3/1 Or! ru; 

V. V 
•s«reaw*ew" 

PA 84 

iA Y3 

PA 88 

i < 



TA 

•it 

Jtg 

TC 

TA 

TS 

86 

DPII-       (lot*:     0PI1L 4«»ot#«  tb« aA4r«a* w*»r« th* 

aoa*ric*l  vrnlu*  of DFX1   (to addr«*«}   la  atorcd. 

DPS I  n«*t  last rue t ism in a* la aaq uaoc*. 

DPI 

SI 

FA Tl 

TA £2 

MB 85 

All Tl 

FA Tl 

TA KB 

Tl 

it 

: •>^~.S--im*5S?-r*fkJZ •   •:' 



Clearly in this case the p-stters subroutine i* sort •cononic'vi, 

sine* the set-up Instructions are longer than  the routine itself.  It 

is to vw  noted that when instruct lone art acted on by other instruc- 

tions, they oust bs tagged with the reference sase. 

For a further example suppose the action of a ship heading for 

a aooring buoy is b*ing slaulatea and the information desired is the 

sine and cosine of the course angle to the buoy.  Also assuae that 

routine, called 3lib,  has been established that gives these for any 

two points.  This could have tso different translations, depending 

on whether a pattern subroutine or a traasfer-cf-control subroutine 

is used.  The subroutine would appear generally as follows: 

TA XI 

SO- X2 

FA A 

(1) 

* i '• 

V: 

'v. 
•3 *J V 

C\\-' 

MS 

PA fl 

T*     Tl 

m        Y2 

FA     Y 

(3) 

(4) 
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AD Tl 

FA M 

» on 

fa Tl 

IPT   TA K 

DI Tl 

«> TOL 

80 Ti 

CT « 

TA • 

FA T2 

TC fiFT 

IX         TA 5 

DI 1 

FA SIS 

TA ? 

DI • 

FA coa 

AD 71 

(4) 

(?) 
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*a 

FA 

War  the pattern subroutine the coder would asauce tfes following 

dlctioaarj: 

(1) SUP I - X position of ship 

{3) SHIP f - ¥ £W«±tl*3'B of skip 

(3) BUOTC I - I position of buoy 

C4) SfcOI ¥ - T position' * t •'"   , . 
- ' . t;  . * - v>       t * * 

(3)  flip S - Sin* of Bklp** ctmrwm ao^ia 
•' T 

i.     , ^    ,  i 

(8) SHIP C - Coaiss si skip's courts aag le 

TOL - aduieslbla Wror in calculatla* of *qu*re root 

Thus ffe* coder would writ* IICO BOOT X, BOOT ¥» SBIF X, IIIP f. 

8HP S, SBIP C. 

Tie addresaea followiss SICC *ould replace tie addreaa-ea at the 

corraapafidine; ttu«bur*'« poaltioaa ir the pattern.  T© use a tranafar- 

ef-control, the eortect lacatioas in tat ee'c-ap instructions, consider- 

ing  tbe set-up instructions aa a pattern, are. replaced.  Thin would 

appear SIC© BOOT X, MOT Y* SHIP X* SUP Y, SMTP 8, SHIP C, SX1TI*. 

VIST' la t»» seat instruction la the *aia routine. 
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KIKTL   is  tb#  ioCAtios  u.?   til*   ttus&sr  IIS? 

Wssa t*siag £  treasfsr of  eostroi  •«routiae,  tbs sxii   to tfe« 

tin rout in* »ust  1M spscifiss.     Tfes  «#t~ap p*tiers   veal* saps*.. 

a, 

FA XI 

TA 

PA II 

TA 

FA A 2 

TA 

FA ¥2 

(2) 

(3) 

<«> 

t. J *"' 

TA SICIL 

*F SfCOS 

TC 5IC0J? 

(1CI TA    811 

FA 

Ti    CO« 

w 

(5) 

(7) 

Addition*! dtictios&rj for trsssfsr-cf-costrol 

autoreutic* is; 

SlSCi - last. instruetloBin subroutine 

5ICOI' - sddrsss of first isstroctios of sab- 

routias; (7) Is tss address, of ths »ddrss» 

of tbs ssst iostrwctioBj  is this probiss 

BtMZL 

22 

sSlaaKHSSS'SS^SSaw^^^ 



This pattern plscsa ths a«'ffua«ats i« the correct locations 

for use of the stasdard e«t of instructions that :;<»«prise the subroutine. 

la addition, th» patter* provide* for proper return of control to tbs 

eain sequence of instructions.  ID other words the set-up instructions 

for a transf*r-of-control subroutine are treated as a pattern and 

translated as such. 

Translation by IBS.  The translation by scans of IBM Machinery 

caa be divided into two sain steps;  first, translation fros Multiple 

address symbolic fore into sTflsjfljta address sywbollc fore, and second, 
.,• '" t\, i *• '"* "-•"' U /<-  Sv 

translation fros single address ayabollo ££r*Mnto specific ta&oalna 

instructions. 
• - /1' 

In the first step a, deck of cards containing the Instructions 

*"'"""' .....  ••'" 

ia auitiple-address fore is sorted by subroutine designation aad 

the nueber of occurreaces of each subroutlae is counted,  standard 

sets of -jards are prepared for each subroutlae.  These contain the 

couplets coded pattern of the subroutine with addresses that are ths 

saee for each use of the subroutine iu syebolic fora &ad blaahs 

left for the positions occupied by the Arguments.  In addition, 

the subroutine decks contain punches that control the r«ad fead of 
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lias rs?rodyc«r and the tk&in&  oi   selectors that punch the arguacats 

into the appropriate positions in the subroutine d«ck.  The instruction 

deck is placed In the road food; ths subroutine decks ar<* pieced in 

the punch fssd.  As each irstructioa card passes under the rending 

brushes, all of the iafornatlon is punched into the firwt card of the 

subroutine dec*.  This lnforaation is gacg-puncned back into successive 

cards of the eubroutlae deck walls tha read feed is held.  Selectors 

then transfer the syabola trcm JbiMr^Sfi^-patsmhail  colusss into appropriate 

,•'       .    '. V* '""  "  '   •  ' -:'J  - ''• 
'   V.- \ • / 

posittens on the subroutine*, cards.  When a subr%ut4as is coapleted, 

ih* nest instruction card is read,  this process results in a deck 

containing & set of instructions in teras of the elementary operations 

*«*•, i .,, ,„„. • • •• • 

of the coaputer, but with sysAolg still in syabolic fore. 

The next ittep is the translation of aingle-addrees syabolic 

fors into explicit aaohtas language.  First, the deck of single- 

address instructions are numbered sequentially, beginning wish the 

first address ^h«?e instructions are stored,  Kextt those instructions 

that are naeed are extracted froa the deck.  Tae*« »re use-i to fore 

an auxiliary set of dictionary cards, containing the syabolic fore 

of the saae And th* Machine address aaeijnaent.  Th*»» are luaped 
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with the dictionary cards, bearing; the eyebci.ic form ef variable*; 

parameters, and p«eu«3o-variable* to for* the couplets aictiouary deck. 

The dictionary deck is placed in a sorter followed by the instruction 

deck and sorted on the syaboilc for* fef the  s&s-s.  The each ins address 

is then gang-punched into the instruction deck.  The symbolic fore 

of the operation is similarly translated to fore a complete set of 

Instructions in machine terminology.  This is no« printed for transfer 

to tape or other means of machine input.  The intermediate checking 

s* •<•• ri** v    V' . 
processes hav* not beev**sW*©«d.  9uf f ice-./ ton ''may that all operations 

f A *• / 

are machine checked to &n*i?£>*.t aj- ?fty. Xow probability of error. 

Translation by MAMJtC.  In the translation process for the 
_./' 

*"• . • ** 

XaBIC, similar procedures are TSlXOVe'dT with allowance for the capa- 

bilities and limitations of the computer.  The process is predicated 

cs the use cf fivs-blt alpha-numerical representation of input symbols. 

The dictionary is read into the machine first.  This consists of 

five five-bit symbols for each symbolic form, a total of twenty-five 

bits occupying the last portion of a machine word,  as the dictionary 

ia read in, an address is assigned to each sy&n^iic form.  In ad- 

dition, the number of foras beginning slis each of the thirty-two 

possible initial symbols is counted.  The dictionary is now sorted 
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Into block* corresponding to the initial mymbol.     This is tfo&e so 

that, when translating, the s&chine need only search en the eve-age 

o»tr i/32 of the dictionary.  How the ia*ructions are^r#ed In aa 

operation r*f»r«ne« blocks.  in other words, thettize of the read- 

in will depend on the nusbev of addrosaas corresponding to the part- 

icular operation.  If the instruction read-in haa a naaa associated 

with it, the name and the assigned address are placed in the ap- 

propriate location in the dictionary.  Since a naaed instruction 

aay be refereaced in soaev.other .ia»t?ca£L©a vr«<s»£iag It, * special 

section of the sesory Is set aside for Storing auch references. 
i     . '.• ?!  r i '. 

When the nased instruction Is read in, this section is checked to 

see if reference has been sad***-to. .*&..iUui the appropriate address 

arguments are inserted into the correct locations iu the pattern, 

which is stored in the sesory in sysbolic f<*rs.  This pattern is 

now eoved as a block to tha translation position and translated 

aa a set of single-address instructions.  Various special provisions 

are sade for block transfer instructions and those operations for 

which tha numerical code varies for right or left iw?«rsace.  In 



addition, various subsidiary check« *r» w«<|« to t*st aaaory p«- 

1lability, ccaplsisncss of dictionary, ao£ coaplotonsss io pattern 

subroutine reference. 

Detailed foraulStioau of these processes are included io the 

appendices.  Tins cod* for *he NARIC translation is written in props? 

fore for single address translation by IBIS Machinery and say be 

exaaiaed as an exasple of symbolic coding.  Tbs KAUIC cod*«$»as 

not an y« •n aacbiae cbscksd &nd therefore in subject to si nor 

revision and correction. 
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APPKKDI& I 

ISM THAKgLATlOfi PROCESS 

K. J. Isaac, H. Weasel, S. Anderson 

The IBSS process translates the aultlple-eddress syabolic code 

into single-address syabolic coda which is than translated into explicit 

machine code.  The code aay contain individual single-address in- 

structions, but these are napp.»-ated, so that they do not run through- 

th* suitipia-addretts process*.. Tu4Jj£uitipi«»~»ddrs»a process i* based 

on the previous construction of standard dsc*? for each subroutine 

''' 'jVi'. • . < ; '. \ 
used.  Thee* consist of a deck of cards where each card stands 1 OF 

a single-address icstructi"^ is the pattern, fie cards ars yuaekeu, 

using the operations In symbolic fora (columns 10-12).  If the in- 

struction refers to a syabolic address that is the earns for all 

repetitions of the subroutine, ths card is punched with this address 

(coiussfi 13-17,.  If the address is that of one of the arguments in 

th« aultlple-address fora, the column* are left blank.  5ach card of 

the pattern <*»«* contain* a set of X punches, deteraing which of the 

nine addresses to substitute in the symbolic address position (col- 

umns 24, 30, 36, 42).  See figure I.  In addition, the cavd carries 
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a local serial ousbtr indicating its position within the subroutine 

(columns 48, 54).  The first card of the subroutine pattern has an X in 

column 18.  Column aaslgnaents are shown in figure II. 

The step* In \s.ho translation process now follow: 

1. The code is punched into a deck of cards numbered serially in 

declaal fors.  if an Instruction is named, the naae is punched in 

columns 15.  Either a single-address instruction or the name of a 

multiple-address instruction is punched in the op*sa£*on columns. 

2. The instruction deck is sorted on the, operation columns.  The 
.- . -;-.  ^  "'" '"* *'  ^ / 

single-address  instrjjcjkrons are  set amide and the number of oc- 
/ • . \ \ '\ 

',••••( j '•  • ' "' 

currences of each <*jf *•**»?>? ^*»l>iple-address instruction is noted. 

3. The multiple-address, instructions are placed in the reproduce 

feed of the 519. A  number of standard subroutine decks equal to 

the number of occurrences of the multiple-address instructions are 

placed in the punch feed in the sorted order.  The cards are then 

punched using Board Ho. 1.  The cards in the punch feed are now 

checked in the reproduce feed with Board No. 2.  Thin deck is then 

iuspsd with the single-address instructions to form a complete single - 

address instruction deck. 
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rici'ju; i 

Coluan 
«4 30 36 42 

1st 

2nd 

3rd 

4th 

3th 

5th 

7th 

8th 

Oth 

Si&ca or 
filled 

X 

X 

X 

X 

X 

X 

X 

X 

i 

X 

X 

/ \ 

» D B    . 

•y 

i '•.. 
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riGUKK XI 

Coluun AsaignMenim 

Subroutine card and/or slagis address card 

1-5     Naae of instruction 

6-9     Main code aerial no. (decinal) 

10-12   Syabolic operation 

13 17   Syisbollc single address 

18      First card X, subroutine deck 

i n oo 

. O Ci U /,;,  ..V 

>•• 

2<1 Substitution control X 

25-29 Second Multiple address 

SC Substitution control X 

31-33 Third sultiple addreaa 

36 Substitution control X. _ ,'.-." 

37-41 Fourth Multiple address-  •        '"•' : • UA 

42 Substitution control X 

43-47 Fifth Multiple address _-- 
K<-»^i_  ___„,., -^ 

46 Subroutine serial 

49-93 Sl^th Multiple address 

54 Subroutine serial 

55-59 Seveatu ealtipl* address 

60-64 Eighth Multiple address 

66-66 Machine location of instruction (three wsxi-deciMal digits and 

X for left-right indication) 

69-70 Operation in mtchin* code 

71-73 Jtddree* in Machine cs>de 

74 Left-right X for naaed insf motions 

75 Dictionary % 

76-80 ninth rultlpla address 
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4.  T.W single &d^res.« Instructien dock i* sorted on the decietii 

aerial nuabor to rtturn it to proper aequeuce. 

9.  The instruction deck la sequence punched from * doubl* hexl- 

dec leal nuabered deck wits alternate X'e to indicate loft and right, 

i, o., too dock la nuaberod aa follow*: 

wv 

ooox 

001 

001X ,-~"'    . 

• \ 
•v 

I en vj r 

\ 

0. 

00» V ..... J.. / 

00AX 

ote 

Tbi* ia tao aaalgaavtat of aaoaiae loeatioao to laatrnctlone. 

Tao instruction dock la sorted ©a column 1 and all aaaod in- 

atructioae aro pulled out. 

7.  Tao aaaod Instruction cards ar« r«&.roduee puncsed iato & 

dictionary doss, tao naao going into coluaoa IS-17, tao fesxi-addrsas 

goiss into coluaue 71-73, and tho ie?t-?igtat X indicator into coiwo ?#. 

An x   ia punched in coluan 75 o? the cards in tfe« dictionary deck. 
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8. A a**sb#r dictiou«i*y dec* la prepared containing to* syabollc 

aasw of *.'.ah »ddr*«e; which in inducted In the cod*, and yet is 

not the address of an instruction.  This deck also contains 

pseudo-addresses, e.g., the nusber of right and left shifts. 

These nases are punched in columns 13-17  The sac/Lne location 

corresponding to each name is punched in colusns 71 73.  In 

the case of a pseudo-address the hexl-equivalent of the desired 
_^.*-' »"*•"•*•• •••*»•»•» 

nuaber is punched ln^YbftW ^luatiV.'' Uhe«. a»#ign»oat of machine 

locations say be «on« lndi^HUtall;* or sequence punched with th« 

heal-deck.  Each caVd contains an X punch in colusn 75.  These 

cards are luaped with the l^mH faea step 7 to fcrs the complete 

dictionary deck. 

9. The dictionary tSsck is put in the sorter followed bf tne 

instruction deck, and the assemblage sorted on columns 13-17. 

lach instruction card will now follow the dictionary card con- 

taining the symbolic n&ae referred to by the Instruction. 

10. This total deck is sow aaster-card gang punched and checked, 

inserting the hexi-decimal address froa the dictionary card 

into the instruction cards. 
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jrv&iiW* niny 

11. The dictionary cards are now rsstoved on & sort And the deck 

in sorted in with an operations dictionary deck,  In this proceaa, 

l*ft-right. variable operations (such as IS, TC, stc) have two 

cards, ths right reference instruction carrying an X in oclues 74. 

Th« operations dsck is put in ths sorter, followed by the in- 

struction deck, and sorted firs;t on column 74, then on colusns 

10-12.  The assemblage is now aaater card jang-punched on col- 

umns $9-70, substituting the aachine form of the operation. 

.~»* 
12. The code is now ebspiste nsdtjMsy be* printed for transfer to 

•agaetic or punoh tape input. 

Wiring diagrams for Boards Nos. 1 and 2 are given in figures III 

and IV.  nowever, wiring dlagrass I'or the- -reproducer for step* 4 and on 

are not included; since the processes are siaplwr and the requisite 

wiring for punching and checking is straightforward.  Concerning Board 

No. I, the 519 rmmAm  0se s~rd in the read feed and transfers aii of its 

information to the first card of the subroutine deck.  This is controlled 

by an X punch in column 18 of the first card of the subroutine deck 

actuating the 80-celuan selector.  Ths input to the selector Systsa 

which governs the substitution of sulti^e &ddre«»es into single address 

3*. 
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posit loud 18 irons the punch direct hub's, wo that flubstiv.uti.on can ?»** 

aado in the first card of the subroutine,  Although the read feed is 

held by the second card in the subroutine deck, the rollers after tbe 

first reading brushes still operate.  T>i* }.er«it» comparing the re- 

produce punching into the first card of the subroutine dock.  Although 

comparing is suppressed after the first card is through the gang punch 

end interpreting brusbc-s, v. back circuit exist* through the flux linkage 

of the comparing nagnets via the comparing and transcribing brushes, 

which are now connected in parallel by the copper roller.  This results 

in erratic gang-punching.  To prevent this, the diodes &rt inserted in 

the circuit as shown, saving one pass through tu« reproducer with £ 

special board for coopering the reproduce punching. 

'. r#v ;}  C*   *, 5        <• 
Up }A ;=N t 

/ . .'* * V X 

•> " ~ <\j 
\ 

;OH'I L   ' 
i\ 

1 

s 
I* 
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The following la * brief description ofthe code f«w the XARSC 

to perforw the translation iron symbolic to MCala* cod*.  This code 

i» itsaif aritten to be translated by the IBM method, 

The firs'* part of the cod* is concerned with the dictionary con- 

sisting of the variables, constants, and parameters used in the satin 

routine,  In symbolic form these are represented by five letters, num- 

bers or a combination of both.  Each letter o.v su»b£? is oaa  of thirty- 

J> '" ^-» **\ ;'J 
two possibilities and ^§j^fc««'%,s*»5S,iise2isd.t»in\4i binary svstea by fi^e 

Af^'" """    ^><*\   ' " 
/   " 3;.VJ **  "\ 

bits. A cosplete address U*  sjwbolip,Sera wilii therefore, oeoupy 
|l    o/TUr ; I UA    ij 

irenty-fivs bits,     Tfc;: -variables are read in%m the saea*» in *««-bolie 
S       y 

fore occupying the last twftmtref lira mtfs" of the storage words.  They 

ure preceded by a word containing the total number of variablesf   con- 

stants and parameters.  Addresses are assigned to the variables in order, 

beginning vith the first.  How the dictionary wads testv* the symbolic 

form in the last twenty-five bits and the machine code for address in 

Aaft-hand acrires* paaiiion.  Tfeese words are then transferred to 
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Kammmsfs^zsismA'saasssaasat^ 

to jippropr i&ts plpcss in the Mictionarjr, is ueucrit^u ba-iow. 

in addition, a bi»nk word is stored in th« last block of ths dictionary. 

This will bo u**?ul for translating blank and no-addr<tss instructions 

wtMch call for saros In tbs address position. 

In order to ahcr«»n tho process of searching through the dictionary, 

the variables are grouped in the dictionary in thirty-two blocks, all 

the variables in the saas block having l*»* «*«« left hand letter in 

sysbollc fore.  The variables whose symbolic fora starta with G9000 

_„ — —*—"•'" «»«, 

are stored at highest ,«Meflt0 3H>^*? 'Si^tioaary. 

*fe*oever a search of   she dic**oia^ is Mfcde,   one needs only  to 
aflOHTUA 

V 'if 

deal with the appropriate, block of titsi _ _<aict ip/iar y as determined by 

>       - -    s 
the left-hand letter cr^Mt^sysboli^jpMri of the variable.  The ad- 

dresses of the first .ictionary word in each block are stored in the 

thirty-two locations befciualag eJSkh *TOM. 

Operation* are stored in the machine in the blo^k beginning 

with OPSTK,  'She syabellc fore of the operation will appear in the 

Isst ninatewa bits on the right.  The aachlne cede for the variables 

will sppear is bits 18-28.  Four «»tra op^rauioo words whie!? deal with 

the variable operations ?*, BE, TC, and CT are luSdrtsd at the begin- 

ning- xt'X  the list of operations.  This »ak«stt it pcseibl* for the 
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•MUMni-wMMjjmaj;JMMMHWT"-"r-^ai~"»—*»«  .- -.•••. ***t«     -     .^tj^.-fc-SfV" 

machine itself to deteraino *it»th*r tneoc operation* should refer 

to th* right ©r Isit-navnd order of the storage word, -.»»•« an address 

of the instruction refers to another Instruction.  The operation warde 

following thee* first four will contain IRE, IffL, iSB, HIL, «tc.  A 

negative ecrd is stored la the location Isaediaiely following those 

operations. This will indicate shea an operation appears whiuL does oot 

correspond to any which are listed la the sachlae. 

To shorten the nuaber of words that have to be read into the Machine 

each time, a series of instructions: which appear sore than once in the 

saia routine is designated as a pattern subroutine and a nawo Is as- 

signed to each.  The instructions ceaprislog a pattern subroutine are 

stored la the sachine la symbolic fore.  The lastructlons for each sub- 

rout iae are j>r«ce£$d by % -ewr ^ TKrS^scas.  The first preword contains 

the total au«Der of Word* rhiatlgg tifktt} Jfebrcutlne la bits 1 through 
/ ••>• 

rtea ia\ 8,   total  aueber of addresses to be lisser^ea1 ln\ subroutine la bits 9 through 
-'"•\' >J 'TU/\ iJ 

23, auaber ox ertawordip is hits'14  tSrcdgs IS, paewer ox a&see isstruc- 

J tlaas la subroutine 4.>a bits 17 through 13, tyid  the eywbolic aaae of sub- 

rout la* ia bits SO thi*mi*h. 44.  The reserving pirewords contain suc- 

cessive dlffereaces between the addresses ox the iastructloas where the 

variables to be used la the subroutlae hare to be ieserted. Bach dif- 

ference occupies fire bits, so that each prevord, exceptlog the first, 

contains eight dlffereaces. k  word containing a negative suwber is read 

in after all the subroutine words. This negative word will iadiwato 

whea the oeni* of t.  subroutine appears la SAME for which ao set of sub- 

routlae words was put lato the aaofcine in the block begis&iag with SSPft. 

Instructloan la the sain routine are read la order into BAMS, cae 

at a tiae,  Ordinary iastructloas (i.e., all instructions except thosa 
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calling for a shift or a block transfer operation) are rend la vita 

address occupying Istst twenty-live blta of word on the riffht and cpsr- 

«tieu ia symbolic form on th* left.  An Instruction which refers to 

•v iiu<i>fM will be rend in vith seres in the last twenty-five bits. 

Ac instruction which calls for » shift is read in as a negative word. 

The positive for* of to* word sill contain the operation Is syabeiic 

for* in blta S through 19 and the nuaber of bits to be shifted in the 

right address position.  The first four bits are zero.  Ac instruction 

which calls far a block traesfar east occupy two storage words in 

symbolic form.  The Sirs* word which sast b4^sl^red negatively will 

contain the systolic for* of '{a* aeeVess'of firsjt variable to be 
V 

in* seeress < 

transferred in last twsWr-five bits and bl^sdft traaafer operation 

on the left.  The first bit "ill contain a 1 to distinguish it fro* 

any other negative instruction.  The second word will contain the 

sysbollc fors of the address of storage location to which the first 

variable is to be transferred in the last twesty-flvo bits and the 

nuaber of variables to be transferred in binary form in bits 12 

through 19. 
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When a patters subroutine occurs in the code a series of word* 

tre read Into BANK.  The first word contains t-e naee of the «ub- 

reatlss on the  right in the last tw*»ty-.f IT?1
 bits ansl th» **aS»if«i«ti!s« 

indicator on t!>e left.  This word is followed by a series of words 

containing symbolic fora of variables that Lav* to be inserted into 

instructions. 

If the word in BANK is positive, it is tested first to see 

it it is the word of a nnsed instruction.  If it is a nased instruction, 

\""« y> \ 
ne to which ol  %t^r fhx^iy  two blocks of the 

S/10HT' I/, \ 
dictionary (originally containing variables onjiy) it belongs.  All 

•  / 
the blocks occuevaag Sower storage Location's ara sowed up one to sake 

roos for the nased instruction.  T<  r.jtae indicator of the word in 

BANK is replaced by the address of the permanent storage location as- 

signed to this instruction.  The word in BANK Is then transferred 

to the appropriate place in the dictionary.  It now occupies the 

first storage location of the block of variables.  The Appropriate 

addressee contained in STORE are decreased to correspond tc the new 

storage locations for the variables resulting frots the block tracnfer. 

Inetrt ctlons in HOLD ar<» checked to see if the address in any of these 

42 

&^&*iBS!imiKX&BeE2s£3K8Baiia ifflgmssmSM&sg&SBB&zs 



instructions corresponds to the address of/this named instruction. 

Every instruction in HOi.n «uat be checked.  If there are any whose 

address doss corrsspond, these instructions ars translated into 

sachine cods and put in ths appropriate storage locations.  Then th.i 

instruction in BARX2 following ths nased instruction word in trans- 

lated 

If ths word in BANK is not a nased instruction* thss it is tested 

to see if it is ths Dana sf a patters subroutine.  If it is  the nas:s 
..<       .  . ;. J 

of a pattern subroutine, than ths variant**.%p be used in ths sub- 

rsjtins ars put into ths appropriate Instruct lcii words of ths sab- 7 
routes.  Thss all tJhe^ iuSt?-«oiioa» ia,  iheywubroutine arc trass- 

fsrrsd to BASS and each one is translated as a* instruction. 

If the instruction in 3A£K does not involve block transfer cper 

ation or a shift operation, it is an ordinary instruction with systolic 

address in the last twenty-tiwe bits on  the right and sysbo31c operation 

on the left.  A search of the dictionary is sade to find th# address 

of th« variable corresponding to tne symbolic address contained in 

the Instruction.  If nc word can be found in tbe dictionary which cor 

reepoads to this address, then tbe address ia that of ? ssaed in 

etructlon wrcich has net ydt been brought int.? the dictionary.  Tbe 

I ; 



cawnujw nin*ya;••i*.<tai 

operation is translated and thes stor?<i together -zxth  the symbolic 

iora of the address la HOLS until a saw word is added to the diction- 

ary.  If the void ia in the dictionary, then tfce addr«ism  o2 the per- 

aanest storage location ia taken out and pnt in  « iesporarv storage 

location.  A slsil&r procedure is followed for the operation.  A 

ivtfch is Bade of the list of operations.  If no operation can be found 

which corresponds to the operation in the instruction, the «»obia«s 

•ill indicate an error.  If it is found, the aachine code for the oper- 

ation is added to the word" eo^taiainj^ eachine code for the address. 

'*' '":  * ~' &  \ 
fs now hare the instruction in the desirad co3ed\fors, occupying the 

cv-1 „;H ! u.A 
right-hand order of the storage word.  If this is* the first instruction 

9 

/ 
that has been translated, >o& if it is an o£JKr ;sbered instruction, 

tli«u the instruction is shifted to the left hand order and stored 

in POMM.  If it ia as eveavnusbered instruction, it is added to the 

word in FO&M, giving a word with an instruction in both the 7eft hand 

and the right-hand order of the eord,  The word is then transferred to 

the appropriate storage location.  If the word in BANK is stored ne~ 

i 
gat.tvely, it involves either a shift or a block transfer operation. 

If it icYoiv^s s. shift operation, the nueber of bite to be shi^tea 
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j; »»»*.* ECE^T - .TE 

Is stored in right address position of a temporary location.  The oper- 

ation is translated as that of an ordinary instruction and th« in- 

struction Is >tof«u la ths appropriate location. 

L.t  ih* word in BARK i« negative and involves a block transfer 

instruction, it sust be determined whether the previous instruction 

that was translated occupied the right or left-hand order of storage 

word.  If it was a left-hand instruction, zeros oust be inserted in 

the right-hand order of word, also* the block transfer instruction itoelf 

,-~l i fi O <£ V ,- i ^'
%-.-s 

sust occupy an entire js^rdT.'* *Th»  first vora*&B NfiASK  will  be  translated 
f "9 T A 

as an ordinary instruction a«&r tK&»W*d~ MbAa t*»porStry storage location 

instruction is set up and stored In appropriate storage location 
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BAHX 

LVAI 

9AKI1 

BTCRS. 5T031 

STO JU- 

RA  39 

TALI 

DICTL 

DICLI 

/ 

TI/ 

TOTAL 

AftlCT 

SUM 

AS3GK 

T3 

T4 

ft#  ft ft*   i    2 -ur-.r-S-* *V ft 

Ffcrst addr*#« of ge.ss»al t'sr»# group of storage locations. 

Contains Address of last storage location for v»ris.fcj«#* 

pl»i* OM In the lexi •a«3a,«w~ ^_5«»itis>£. 

Address of BAHE plus 1 

Address of thirty-two storage locations used in routin*. 

Vltlwateiy thvmm  contain address in dictionary of first 

variable in each alphasisssricnl group. 

Contains address 5TCRS. 

Thirty-two in right address position 

Gsnsral purpose tally • ,—•»>»> 
r'""    :'!!> *•••* i a *.  • 

Tna next-to-last -adtiTeae-w,, usNMruottt set of *toras® 

locations to be assigned t^ tke^i^lonary 

Tb* last addreae^--*^!pjws*.nent sift of storegs locations 

to be assigned to 'the oictioaary / 

Address of *v*««p©r*ry storaj^'location 

Contain** the aegatlve of tbs nuaber of variables is 

dictionary 

Address of **or«*« location mmmd  ts i=4£5ate that 

dictionary has not bass a«*?-*d up pjrerietttaly wbaa It 

contains a ««vo. to iwl*^*** t*»at dictionary has been 

ad<*4d up previously whan it contains a negative cv.ntity 

Contains dictionary sua 

- w Costaias ths binary #M«iv«laKt of 2 

Contains suecaaaively address to ba a«4»«aa*rd to scch 

var«nbl«. in dictionary 

Address of a te&eorary storage location 

Addrscu of a temporary »c!>jf-«.«i« location 
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ILADD 

SOBS 

iiasT 

NUMB 

ST IS 

K«r ten 

SAMKL 

WOEE 

OPIMD 

ST:?D 

IRAjDD 

TALI 3 

Contains a     wB<i   la   £'•»«•   twelfth   bit   &&&  aitcs-a  #insw?••,•*>*» 

Addireaa o:i  fir.-st  storage  l«*c*tien wh«*<«  satfera subroutines 

•re stored 

Contalne addrees cf stor<?.ff* location *« b* s.<*«ig»*4 to first 

iastruetl4a of sale routine 

Ccstaina successively %da«-eae of at&rage location to bo 

*ssigs*d to MOD iaatru-evior. of Mia routln* 

Csstztss a»«F«iz of storage location vnere flrat tress 

lated instruction la to ba stored 

Address of i/:o<»«« ioeatiou uiied to indicate a left orde* 

Instruction when it contain* a negative word 

Coatalaa tbe gddrees BsJtSwt^i  > 

Contain? audcnaairel:? t&e jafdresa e>f word la BANK, etc.. 

minn  £i !£<•>» 
I A i 

a j/ Add**** ^f storage location uewd %6  indicate that tbe 
S, * 

translation*)g an address tuwiv bo followed by a traaa- 

latlon of an operation «h#a «psrd is OPIWD is siegafl?*. 

A non-negative word In 07IKD indicates taa* addresa 

first translated is second one of a sloe* transfer in- 

struction and therefore no operation should fee traasisied. 

Address of stcrsgv iosatios u-e<* to indicate a Bloc* tra&sf«r 

instruction ebon it coatSSana a negative nueber an ordinary 

instruction vbsn it contaiaa aero. 

Contains a sac in thirty-sista bit «»ad itrui vlsewaere 

A general-purpose tally containing negative of tbe nusver 

of.  ordinary instruct ton words in BARK yet to be translated 



TEMP 

KIND 

MAvf r\4P 

NBLD 

OPTBM 

OP»TA 

SfcDDF 

2MI 

SUSZM 

SBBSL 

WOfiXi 

TALIS 

ii<Sdrir*fe  o3  a   tsaporary   *ct«_«i»j;e   location 

Contain*   fcfc*   sasftar  used  to   A-ad Acs. t* a   ..-.*«B#d  instruction 

in riant  addrees position 

w<#«Uiui « OM  iii tw*i.kih bit  and  in tfelrty-wx**s ait and 

xaroa •loewhere 

Contalne binary equivalent of thirty-two in ieft-addreee 

position 

Coat&iBS address of first storage iocsiion wkmr*  instructions 

are held until new words ars put in tiiuiloner/ 

Contains ths nusber of instructions Using h-ld for new 

dictionary words 

Contains successively systolic fore of operation of sach 
if* 

instruct ion-' \ 

Ceatftias address of  first storage  Location where opsratioca 

ar« stores > 

Contains addsess of first std?»i ^?ftti?n where thm   in- 

struct ions which Im^-teiiKS-AtS'Id' for now dictionary words 

ars to h« storsd 5fcea thsy ars translated 

Contains a one la first bit and xsros elsewhere 

Contains ths auaber used to iadissts a patterawubrcvtt ine 

la right-address positlea 

Centals- ths address 8l»fi 

Contains successively ths *.v.'rssses of variables in 3AMK 

ehioh a-s inserted into instructloos of pattern subroutine 

This :.s a general purpose tally used when iag«rting variables 

in the appropriate instructions of a puttarn su»routiu*.  It 

contains th« E,«gKfiv« of the nuaber of differeaoes in pr«ward 

*? a* ,* *»  •«.»  ».*»..*>  «\ #v  %**•- 111 %.  Il tw  y ar *-  *>**  Gtp 
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i,» 

TS 

T4 

TO 

Tt 

29M41 

55ADD 

LOSR 

FOUR 

FOR- 

STBT 

SKIS 

0?SSR 

DICi.I 

LRDI.P 

•QHP 

AdirsRta of a t«aj»r«r? etorega location 

*<*dr»aai of * t»aoorary storage location 

Address of a temporary storage location 

Addreaa of a temporary storage location 
-9   -41 

Contains biscry equivalent of 2   -2 

Contains binary equivalent of flv6 in right-address position 

Used to indicate ffe«t address ex instruction refers to a 

left ordsr instruct ic-s when it contains a negative word. 

refers to a right order instruction »i»»n it contains a srero 

Contains binary equivalent of feur in left-address position 

Address of storage location where left ordsr instructions 

?hic& have bs«» trans lit** airs etipihed tesporariiy 

Address of storage location e^ere. l*ft" ordsr of biocte iraasftr 

instruction is sto^sd te4fi»rsjHl]r 

Contains a nuaLwr indicating error in ^icticsary sssory 

Contains a nuiW indlcMtidg an «*r*gr In pattern sub* 

rout i nss """"""" * 

Contains a  tiSisuber  Indicating an srror  is storage of  oper- 

aiions 

Address of storage location succeed*ig D«CTL 

Ussd to indicate, vbso an IM*tract ion *M&ken out of auLD, 

whether or not it deals with on* of tho ?&?i±ble operations 

U#*d io indicate when tks i struction is to be stored in 

BOLD after operation has been translated 
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IWSTSCCTIC-y  CODE   FOR  THg  RAR*C 

Operation    Coding 
C&4s g^abol OPRBATIQ3AL (MrrigCTiOPS 

10 TCL    Transfer tbe mmm*.*9l  to the Ie*t kaad order «f 

ti»e TO'»'i at atorsge location a. 

11 TCR    Taanafer the control te the right-hand order of 

the word at itonige location ». 

12 CTL    If the mniber is tha A regieier in greater than 

or equal to x«rsc trannfar tho control to tbe 

left-h&sd order of tho word st stores* location 

mi  Gtherwiee, proceed to the next order of tho 

routine. 

IS        CTR    If the ntafcgdiw/t£$o * Tngleter in greater than 

»r t^'^1 to aero, •.•i*.?a>pa,f«ff *fbe control to tbo 

right-hg^,.*^±lpjf\«he word at *t«ruge location 

••p.; othcrwiae proceed to tarf next order of tbo 
t. » 

r«*$.iee. • ..x' 

30 RIL R*place dlgTTF^throwan IS of tbo word at 

atorage looation a ay digit* 9 through 13 of 

tbo word in tbo A regiaor. 

31 R&fi Swplace dfgita 14  throws* » of  the word .»£ 

storage  location a by digit a 0 t& rough  12 of 

tbo ««rd ia  tbo A register. 

32 ZHL Is@*9seo th= atcrags -loeatioa denigaation of  tbo 

left-hand order sf the «o?d at e*or*x<* location 

s by one, 

33 <»a incr»h»o the  at or age- location denigaation of  the 

right. • han<* ord^r wf   £i»« scisd at   aterase   location 

s by can. 

3v AL Shift  tha coatests of tho A and l; regtcters 

(asciwOtieit   »i«n   digifta)   &  yiscva   to   ife*   ***».. 
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asre success*79JLJ placed is *b# vacated digital 

posAtiess of the D regietvr, while the vacated 

positloss of too A reeister are aade Mire, 

SI        AR     Swift the oosi#e't of the A iMLji'iiu^y ijuo'jafUiug 

the sign digit) a places to the right.  The 

vacated- lifitai positions on tho left take tha 

aaa« condition as thw sign digit. *•»« th# aw»- 

flcw at the riant is dropped.  The contents 

of the U resistor regain unchanged during this 

operation. 

32 RD     Read the .votfUTfeetip#o"^^e, start" acd "stop" 
.y \ ->..' >•>• *J' .'•' 

indie*tless froa the —jfo^iMf:>*"r^ of ih« w|- 

netic-tape ro*4e? ,tp. coaeecoti^ siorags IS- 
C' 7",      ; ',"  1 I Ui''\ '1 

cations eegtmaing with storage location s. 
  / 

33 KC Record the wrd tt storage Apeatios s as ths 

asgnetic tips g&jfcgg —l|ss< f 1 tspe recorder. 

40 « A Transfer the swatter in  the » register to the A 

register. 

41 A U Trmssfer the nestsr in ths A register to ths 0 

register. 

43 f A Transfer ths word la the A register to etora«s 

looatioa s. , 

«3 f 0 Transfer the amber in itse U register to storage* 

location a. 

## T A Transfer  the word »t  storage  location s to the 

A register. 

31 
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31 <* A Tranafar  tea  negative at   th*  auabar aft  at or age 

location s  Co tba A  raglatar* 

ftS TAB Tr^aafar tba absolute *m%*m ot torn nuabar at atoraga 

lc-snti«« ss ia tarn A  ragiatar 

53 MAB Tranafar t$s*» sagftti^s «*  »»« a&eeJUsia ?»;ut or « a 

nuaaar at  atorag*  l«vesati»n a tu tba A raglatar 

54 A 0 Add in* nuabar at atoraga location a to tba *»ord ID 

tba A raglatar and piaca tea raault  In tba A raglatar. 

55 8 U Add nesatlvaljr tba ausw«r at atorago location • to 

tba vord In tba A raglatar and plaoa tba raault  In 

tba A raglatar 

56 ADB Add tba absolute valua ot tbe nuabar at itnrij* 

looatioa £ 4f> tba nuabar  la tbV^ W«latar and plaoa 

tb. r.^t 1. t^OTWfT J 
57 SUB Add nagity&valy tb* abaoluta valua 0/ tba nuabar at 

v 
atoraga location a-to tba ouaaarrlc tba A raglatar 

and plaoa tba ralttia W rfc» k  ragiatar 

90 H u     Multiply tba cumt.tr at atoraga location 9 by tba 

Ausbar An tba a register sad for* tba bigb-urd*r 

product la tba A raglatar and tba lo*-o?dar product 

la tba U raglatar 

81      MR     Multiply tba ouHbar at atoraga location a by tba 

nuabar Is tba A raglatar and for* tb* rouudad-off 

blgb-oraar product la tba A raglatar 

70 D A     Dlvlds tba iiuaDar la tba A raglatar by tba aumbar 

at atoraga looatioa a and fora tbo t^owacsd-o*; 

quotlfcut in tba A raglatar 

71 K  0     Haaat th9  U raglatar t© cero 
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s 

80 

81 » T 

as STOP 

•ooot <hm A  voffiater to s«ro 

Traasfar *»• n word* at storage loeatloaa «j to 

(8} plus (a~i) > t» storaga location a« to 

<«~ plw« (n-i) ) roapactiTol? 

atop aaokiaa oparatitna 

4    *'S 

I 3H0HT.UA 
31 Ad    #     \ 

A* 

'Y 

S3 

y 11 in ij 



a* 

ns Tl 
AL IS 
AS IS 

. ws wm 

> 

! 

/ CT crsos   V-H 

 —M I II 



- 

:?*& 

iTSUM 

7IX3T 

IUC 

I 

10 
L*L 

! 

I   11 

1 

1 

 MgjSC "1       ' 
 1 

/ +          <~ 
SK44 

•f 

(^CT 33DIC 

13 I 
TC START 

13 
r TA 

FA 
TA 
FA 

1 
Tl 
•Oil 
3944 
ADICT 

14 ± 
TA AiSuM 
3JUL BAill 
AL 13 
Aa 7 
AD •TOIL 
•1 IMC 
I ML 
XML A88GM 

1   8U LVA1 

^ I fl O J u j,. >,t 
£*A 

 -  37ACJ 

8flQHTUA 
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801T 

CMM 

ADD  1 

ADD 2 

IS 

LSL 805¥ 

if ? 

TIAM 

1   II 
IK 

i ¥t 
FSIST 
5113 
riisT 

17 „ IL 
TA 
FA 
5A 
FA 

It 
1 TA 

FA 
TA 
FA 

FA 
FA 
IS 

BA92 
TALI 
DIcTL 
T4 

T2 

T» 
TI 
STOftE 
T2 
T4 
Tl 
STOU 
T4 
TALI 

IS 
4 

10 
1     IK 

IF 

TAAM 

ATMK1 

^ 

_J 

21 
>' 

rM4 
l   FA 

} 
&4   MW 

TALI 

I 

i 
i 

/r  3,AtV\ 
3H0HTUA 

KBHMH— 



22 
mum 

L0€ 

BBVD 

AA 

1 TA BASILS 
FA TI 
AL 12 
AD 8TORL 
IS CIST 
ig Slxfc 
TA 
ML wc 
TA Tl 
FA 
TA LOG 
to ILAD0 
SSL 

, IJM. TALI 

22 f 
1 [   CT AA 

i 

!        '          
24 f 

t         ' IS T2AM8 

L       'V-   . 

T8AJI8 
"T 

If T 
ZA 
FA DICL1 

TA LOC 

ML DICTK 
89 XLAOO 
SIR SICTS 
M MWMkfK 110 svoa 
TA txrar 
FA moss 
TA 8TIH 
•8 rlAC'B 
HA 2044 

L*A  8WIC5 

s ' 

/V 

v 

SflpHTUA 
id V 

X 
/ 

** 



3« | 
HOST XX) SABS 

TA 3ASKL 
PA BOBK 
MA 2fio4 
PA QPIBD 
XA 
¥& BTIS& 
HA IBABO 
M »m a. w   w * • » AMMfttC 
TA 8T031 n ADD 

I    TC TAAD 

27 
STAB? TA BOB! 

Bl TAB! 
TABS TA 

v 

28   ^ 
r*~( CT               i CL3AB 

>    „ / 

L_TC                    » nsaiB 

CLEAR 
30 

AL 
PA 
DA 
SB 

21 
(   CT 

32 

It 

TC 

It IBS 

I 

CT2 
i 

0P1B 

~N 

T«!«o^ 
6* 

1 

V 

58 



33 
CT2 SU 

HIGH 

24 

4* 

'v 

I 
!M 

CT OWE" 
-w 

T- 
T« 

Dim 

30 
€1531 

CBKG2 
i_ 

AE 3* 
AL S3 
FA T2 
AD 8T03L 
SK CHOI 
A§ CS3G2 
ftl LAIT 
tl HIGH 
TA 
ID BTGllI 
A3 S3 
AS DICKS 
8U IBLAD 
SA DICT3 
•T 

ti T2 
•0 LASS 
FA TALI 

+ 
TA 
sg I LAW) 
FA 
I ML TALI 

y' 

^ «* 4 S 3 ,3 . 
-v   % 

a» ?°*n#"^ 

37 
CT Lftlf 

A 
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LABT 

TAB 

rVJl* 

FIST 

33 

19 
L TO 

i _ii: 

• 
CCSG.I 
cms 
CRHG1 

39 > 
> 

TA 
5£. FBTIB 
£* CB2B0 
RS BRCR 
RE fin 
TA mm 
REI BANE 
TA SV1CB 

40 
" 

CT 

41  
4/        '   MA 

TC 

TAB 

t 

42 

43 

TA 
i 

BARK 

BAM 1 
.j 

L ' 

li 
IRL 10BK 
TA BUM 
ASS 
FA IBB 
TA TOTAL 
39 SLAB 
FA TOTAL 
FA TALI 

^OHT,^*' 

f 

60 



. 

44 
CiOCMD j   TAB 

xu 

I 

FtJ 
TA 
££ 
ZA 
FA 

43 
BUND SU 

40 
CT 

47 
TAAD TA 

CT 

49 
si/     i FA 

! 

FA 
MA 
TC 

1  >- 
SO 

TCiO* '  x* 
,  FA 

CLBO 
SI 

XU 
AL 
AS 
FA 
SA 
AL 

I  80 

18 
Tl 
TEMP 
HGLDF 
TA88P 

TALI 

4'      < 

NBLD       ! 

^ 

OFEB 

v 

•4 
TCSOO 

TS 
SS44 
LBBSP 
TS 
CLBO 

L : 

'f 
-?*- 

LSB1F 

< 

38 
ss 
TS 

19 
Tl 

> 

v 
/S 

C\ i ti  *</ J {  ; V-N 

WOHT/M \ 

,.*^" 
>"' 

V 

61 
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m 

52 
N/ 

CT CT13 

i 

r — v 
TA£D IBCT 

53 
1 I* 

i   m TALI 

! 
-1 ^ 

SUSS 
 -V— 

54 
CT19 so 

3: 
2ii44 

56 ... - 
1., ^ _/ CT ZMCT 

36 

| 

' TA TEMP 
AL 5 
AO T2 
FA TS 

, TA LBDEP 

J 

<- 

V 

A 

«•» 
CT 

55 
' TA 

AS 
?OLor l J TA 

59 
CT 

6TOK 

•V 

FOLOV 
v 

/ 
I.' 
1 

\ 

/k dL\*&&Utos* 

si/ 

SToa     —> 

a.A.T'^A 
\ 

50 
TA 
AO 
FA 

v 
T* 
2S44 
T2 

v 

V \' 

63 
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91 
STOP- 

1 
- ! 

V 

TA g*S£«F       1 

A5 TALI 
U ISO 
*2_ SS01 
•3L 
60 iLAfeia 
•II TFJI.US 3£ 
AL 44 
is SMI 

A 

SiOi 

111 

152 

CTlt 

69 

•3 

v 

v 

CT 

TA 

TA 
AB 
FA 
TC 

•4 
TA 

CT18 

N' 

111 
I3S 

T2 

TC3 
! 

-4' 

FA 
TC 

Tf 
24 

•SOI 
i 

/ 
/• 

•> 

enbHTUA 
31AQ    #     \ 

V 

A 

63 



60 
Ti:a 

fBIlLO 
TRADD 

TA 
AS 
XBL 
AD 
353 
?A 
89 

§§ 
AH 
FA 
AD 
FA 
?A 
AS 
FA 
BT 
BT 
•Tf* 

SDLSF 
TALI 

ILADD 
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i. Ail ihw variables, aoaatanta, and paraactars UMS la the sain 

ro«itae ara rend Into saehw»a la lowest addire&ie first. Theme war- 

iablee tr« in reini.l^a team mw>4  occupy the l«iet twenty-five bi*s 

of the storage worde begiaaiac with BAKS1.  They are preceded by 

a word la BANK captaining the tet»l aaabor ox varlablea, coaatante, 

aad parameters looatad la tha left~addrees poaltloa. 

ASSGN ia aat up with tba addraaa In tha machine fore to be 

aaalffaad to tt>a flrat variable. 

Tha negative of tha total uaaber of variablea, ate, ia put 

in TOTAL. 

Tl and TALI »re sec ap.  Ti contains suoceaeively tha partial 

autna obtained aft»r adding each varlabla in tha dictionary. TALI 

contaiaa tba negative of tba ouster of variable* yat tc be added 

to tha eua. *hea TALI boo—mm ACr^ ^uTtaw^autriablea have baaa 

a. Tba aast varlabla gs  *4de* to tba partial sum la Tl aad tba eow 

aaytial «*• lr atorad %-. Ti,    BfiOHTUA      ; 

\ / 
TALI Is issrsassd ^nd'Hotfifiad''word la TAL^appaare ia A. 

1.  !f TALI is aov aero alT^H^words fegjgv4d>ag addod.  Co»%»N»i is 

tgsaaferrsd to block 9. 

4.     If TALI  is aaMfatlvo,,   tba  £ss*r*stions is £ ara adjusted and 

cootro1 la treaaferrod to i to repeat tba proooss «tstil aAl tba werda 

umww baaa ad« 

Vote; ADICT la aaad to indicate *fc*tber or not tba diotioaary 

waa added up. A a*#»*£vs aunbar la ADICT ledleetse that tba diotioaary 

haa baaa mmm»4  up previously; a aoa-aegaftve nw«.i»y indicates that 

it haa not baaa sa—ad. 

8.  If ADICT ia aoB-s«K*tire, ssstffsl ** trerefertvd to 12 whara 

*£>!CT ia cheesed tc a negative aus^&T.. 
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7. Th* 5-aa obtained previously frcss adding -*» the dictionary ia 

subtracted froa SUM. 

The lirst twelve bit* ef the ?*?«1+ -re elis£«a.ted by a left and 

r.lfht shift. 

KOTIi  Ths first tise dictionary is *44#« up, ths word* contain 

only tb* sysibolle forms of variables. After tbls tbs 

dictionary words contain «\Jso the sechlnv code in left- 

addrsss position. Ws want only to coapare tbs suss of 

the variables in sys&Aj 
>»"    -EJ *"£ -"1 * *•«» 

8. if the difference betieeee^ tlte* tw^Ma/ij^ atr negative, control 

is transferred to 10 to Acs if tbs difference TWttdro. 

9. If the difference between the twe m±f /4«segatlw4, then the two 

suss obtained by adding dictionary at different tla4a erenot equal, 

so control is transferred t<& fefl^lC to indicate as error la tbs aeaory. 

10. it the difference is not negative*) Tt aust be determined whether 

or not it in sero. The snellest possible quantity is subtracted fron 

the difference. 

11. If the resnlt is not negative, thes thediffercnoe was greater 

than sero and control is transferred to adDlC id indicate an error 

is the aeaory. 

13, !f result is negative, the diff©raacs bctracs the two suss is 

sero. Control is transferred to S7AS7. 

13. After the dictionary is euaxaed ths first tins « negative word 

is transfsrred to ADICT and ths sua is stored la 8UM. 

14. *ddr«S£ is is»i«n*d to first variable in BAMS1, and is storsd 

in the left-address position of ward in BAWI1. Proa the left-hand 

letter of ayaHolic for* of the word in BAKU, it is deters, aed 
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whicfc of t»- thirty-two words beginning with ST-Oss should be in- 

creased. 

The iddress la ASSG.W io Increased.  Tho last addres* to be 

aasiaaed to variables is subtracted froe It. 

15. If the difference la positive tftsn all the variables in BARK 

havo bssa isssc ss»if* si nod control is tnsi!erred to SQBT (20). 

16. If difference is negative, thes store variable? bare to be dealt 

with,  Tbs instructions la 17 are adjusted to repeat process anti 

control is transferred to 17. 

M0r;K: at this point all tjae wetfda hsifinnisg with BARTl have 

syabollc fore 4^<«^|j3.S^iU^ tee^ty-flrv bits ass 

sachlne codf in left-*ddr9se p«si.tij0M \ la addition the 

naeber of variables^aewfaSqp/pf thirtjf-two possible 

left-hand letters is stored in the leffc/haori address 

positions of theHbirty-two words £jr*bleok of storage 

locations froa 8T0SB to STCS1.  The noaber is STOtl 

is the nuaber of variables which have 00000 aa left hand 

17. iaaaruotisas are «*«t up for replacing the auabers la the set of 

words beginning with gTOSS by the addreee in the dictions?* of tee 

last word beginning wits the corresponding left-head letter. 

?h* negative of 32 is put la TALI. 

The address of the last storage location to be assigned to the 

dictionary la put in T4. 

Sero is put In T2 

18. T% contains the la-at stor-g-c location assigned to the pre- 

vious blocs of variables. 

The nuaber of variables In the previous block is put in Ti. 

83 
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TI is subtracts frees ?4 giving *-b* laat storage location for 

the bloek of verisbiiss.  Ta/is is «tto?*4 i« tilo appropriate location 

beginning vitb 8TOMI>.  (The first tiwse the e%€kin*> gees through 

taee* instructions Bl^Hbj the l»si storage location for the diction- 

ary la put in 3T03E *ad its T4.  Tao next time the suaber of variables 

having 00000 aa left-hand lottor ia subtracted fres DiCTL to give 

laat edeVeea of variables bavins 00001 n« i«f*-*as<« letter.  This 

address la stored in 8TCR1.) 

TALI ia laoraaaod.       ~ 

10,  If TALI ia 0 alJK"t^p.Sal ee?** 1* S3KH* have boon replaced by t£* 

appropriate addrespee, ao control 1* transferred to TKAM. 

SO.  * instructions in 31 aft* fe4Jusf«£ *o repent tba process and oon&rcl 

ia traaa£*rrod to Si. 

HOYSt  At this pdmat tao storage learnt lone froa STOfcg to  ST031 

contaia tao laat. addroaa where tho block of TSriablos 

anring s ocrrosponding left-band letter vill be etored. 

81.  Tao negative of tb«> nuaber of variables la tbe dictionary ia put 

in TALI. 

33.  Proa left-aaad letter of variable ia BAXE1 it la deteraleed to 

which ble«h of variables it belongs.  Tao variable ia stored in tbe 

laat locative allotted to that set of variables.  The w«rd in STORK 

ia *serea«od by »a» «a that «•»* vstriftfels bs-isg »••« losi-haac 

lett*? will be stored is tWs»*«% ieeer storage issfttioa ©f the.* 

block. 

TALI is lacreased. 

33.  If TALI la sot negative,   then all tbe variables bave been trans- 

ferred to tbe appropriate place* in tar dictionary, so C€»ntrol im 

traasferred to AA(8t). 
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24.  If TALi la neg*Hw»r all var.i2.biss u»v« not 5icu transferred. 

Instructions in 25 are adjusted to reps&t procass,  Ceatrsl is 

transferred to 25. 

28*  Tranafer instruction which occurs la?*; an 1* eet up. 

pattern subroutines asre read into the aachine.  Operation words are 

raad into th<t sashine. 

The location to bs aaalgnad to the first instruction is put in 

NUMB. 

The address of ti»e location where first coded instruction word 

is to be stored in put is the address position of PLACE. 

39ICH is set up winfa a^©~gative^»j»nr. - (^w ICH is used to 

indicate whether instructional* to be in th« *&£*\jr right-band order 
:' :^AO '** \ 

of control word. / Cj •'•-»-. » 
-- • I ) v...' i       .1 

2«.  first word or sst of words regarding instruct£$s(s) are read 

into BANK. X 

address sf ?•£%*.  i* yut in W!SK*V-—-—- 

OPIND, STIXD, TALZ2, ara set up. 

27. Put the word in Saifa in A. 

28. If it is a positive word,   epntroi is tr««sf«rf#« io S3. 

29. If it is a negative word, control i- traceferred to MEOIX which 

deals with negative instruction words. 

30. If it is a positive word, it la tested first to •#• if it is 

a nased Instruction word by subtract in* ****  Easier ussd to indicate 

a naaed instruction word *ro« appropriate jmrt of the word in BANI. 

31. if result is not negative, it sjust be detersl^ed whether it is 

zero or greater than zero, so control is transferred to ryr2 

32. If result ie negative, it la not a naned instruction ass control 

*•  transferred to OPEB. 

33. Ssailwwi possible quantity la subtracted froe the difference. 

84 
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34.  [f result i« rot ««2»tiv«, the rcrd in BANK ie rcr »   u»«it>d in- 

struction.  Control, is transferred to OPKR- 

36. If result in n«g»tiir«j tfea vor<! ia BAH* la a cased instruction 

vita syabctlic fors of  th* n***> of the ia*tru*tioa is ths i&si i*»uiy- 

five bits. 

it is £et*rsined fros the left-hand letter of ths name of ths 

variable into which block of the dictionary it should be inserted. 

This word will be Inserted at beginning of the block. 

All variables It? lover storage locations »rs transferred to 

one lover storage location pt  •ARJI'^Wl l44j this vord in the diction- 
/* <* i ?» J « 4i    *v 

ary. X \ " - - •• 

TALI is a%t  u» with the nuabsr of »dd?«s«ss Is STOHS vhiet? kavs 

to b«i changed as a result of this block-transfer, 

3".  The first word in 9f£RK to be changed is decreased by one,  TALI 

is inoreaasd one. "*"^..... 

37, If TALI is not negative, all the appropriate addressee have been 

ckiistQ so control is transferred to LAST. 

33.  Adjustments ars Bade la ths instructions in 39 to repeat ths process 

and control is transferred to 39. 

39. The address to be assigned so the instruction la put in the 

i«r£i~*udree» position of tfte vord in S&HX. 

StfiCH is put in A. 

40. If BWICH contains a neirHsegiitive ausber, ths instruction is a 

right-order one, so control i*> transferred tti TAB (4ft) 

41. If 3WICE ooottlni m.  negative ounb«r, the instruction is a left- 

order one.  Therefore ike negative of thv vord is stored In ths 

dictionary.  Th* negative cf the vord in BASK is put ia A. 

42. The word In BANK is put in the A register. 
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43.  *or?i in A is» crtinsf c-rrss-'" to iuppiop* i%*« piece in dictionary* 

WOKK in t>ncrat8«d. 

The dictionary IUB and the total nueber of words in the dictionary 

&rs changed tc take account of the r,«w word that baa just bean inserted. 

44z     How tha instructions in aOJ.D suet be chsclr.sd to see if ti»s symbolic 

address Just inserted in the dictionary has been used in previous in- 

structions. 

Tl is set up with tue systolic fore of the address just inserted 

into the dictionary. 

TESP is sot up with the machine form of the address. 

TALI is set to zero.      , ,• <r—m, —• 

Appropriate a4drws3. za -A«=£rw3d ^iFTatpIL " , 

••'    " ' "*/&* \ 

45. The nuiabc; of instructions in HOW) i^.rfuinna^tad fros TALI. 

46. If the result is pot negative theln there are BO sore instructions 

in HOLD £© shack, so control is transferred to 09lS. 

47. It  the result is negative, the next wora> in HOLD is put in A 

register. 

4®.  If the instruction word in BOLD is stored positively, control 

is transferred to 53. 

49.  If the word in HOLD is negative, the instruction invoices one 

ox th* variable operations.  The word is stored in T2.  A negative word 

is put in LADEF to indicate that operation =u»i be adjusted if address 

eppe&ra in the right-hand orde- of the storage word. 

The negative of T5 la put in A. 

Control ic tr&nsxe?r9v to 53. 

30.  If iuetructlon word in HOLD is stored positively, than * nes- 

Q«native word is put ii. LRDEP. 

51.  Operation in ufcehio* tors* o£   tirn  ~Jdress, in i yaboXic for« of the 

word in MGLU. is asperated.  Operation Is stored in V2.  Ta* sysfeoilc 

fern of the address of ansed instruction w'oieo w»e Ju«t inscrta-J In 

B6 

• 
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I 
: 

the dictionary Is subtract «<?, trots  mya'mtlxc   form  of ths sddr««e of 

thin instruction is HOLD, 

59.     if result la not n#sf»tiv»e control in transferred to »#, to 

4ttcr»iM 9beti>er result is indeed aero. 

55.  If ts« Ml<fir«sce between tbe two Addresses is not itvo, adjust- 

ments are sale in appropriate instructions is, sad control is trans- 

ferred to, %«• to rspsat too process vita tbs nest instruction in 

MOLD. 

54. SU  2M#4 

55. it result is still nos-nasative, control is? transferred to 55. 

59.  If toe addresses do correspond, tee aacbins oode of the address 

eslcb aas been stored in TKaF is added to tbe aacalne for* of operation 

«bieb baa Been stored in T2.  Tbe result is stored is 12.     Tb« nuabar 

is *JIQE? is put in A. 

57.  If auefeer is  not-swyafej^rfj te$a tbe separation is not « variable 

«•*,  Coniro. is ifks£z9vr94 to  eU. ^   •*?* \ 

5£.  If tbe nusoer ia ••«*li»fi< :-^i^s9j $fre operation la a variable 

ono fead it aust fc«\dsterained vbetber tbe addjress refers tc< tbe 

rigfet -r left band orMer of a storage word* 

Tberefors tbe vord iU*"G*BTt«»*iry a»rrssp«>i«^ to tss a«s«r«»5 

of tbls instructioc is put is tbe A res;later. 

§#,  if tfe* eord is store* **>sitively tbe* tbe n£nrtft»sji9  of an in- 

struction sbich is stored is tbs left-band order of tba storage 

word,  'jotbins; seed £** doaa to alt«r operation.  Control J* trans- 

ferred to BHW. 

•0. If  tbe •*«*•<* J,Si  stored negatively, tben the fcddrees is of an 

iniitrwciiws woiicis is Stored in th»   figmt   band t-.rd*r of tbs ntors.jrs 

9&&z     The ma.ab-it&m  code of operation .is increased by cs« and stored 

67 
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81.  TALI is add©4 to address in HADDF to deteral&s whsre t«e in- 

struction ia» to b© stored. 

th« word co?itaiGlag the address of storage locution where thm 

instruction i- to fee stored Is put in the A register. 

mo word la A la shifted forty-tares places to the loft eo that 

only tho last bit appears In the A register. 

SSI Is subtracted from  tho auss-sr appearing la A. 

52.  Ii to* result ie uot r.^ffativa. th«rs was s one is ths last bit 

indicating that inatructlon is to be stored in tho loft-hand order 

of the eontrAl word. 

Control lie transferred to •££UU£1} 

33.  Ii reault is negat*^ «%4r«? U & £*f* bclaat bit indicating 

that instruction goes* in right hand order of^hsv storage word. 

Tho instruction in T2 id-44§d4 ftf>(ffc»i »ir»»W appea.s infei»a 

storage location and ik stcria there. / 

Control is transferrsMLto IfCS 

64.  Instruction in T2 in shifted to"left hand order of word and is 

stored in T2. 

Control is transferred to 6f. 

63.  Block transfer instructions are set up. 

HELD  is decreased. 

£S.  Th«* appropriate sc-d in SAWS is tesisd to see ix it ie the naae 

of * pattern subrouting by subtracting the number used to indicate 

a aub?outl!!« fros appropriate part of the word. 

67.  err 3US2 

6Ss  Ii fvault is acjauiff), tb« word ie net - patt=?r. *ubrcutiu«,io 

coetfoj is transferred to TKATK, 

ga.  grj 2M44 

70.  CY  T&ATI 

fiM 
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71. The  appropriate instructions b«i«» are set up to =*« which of the 

pattern subroutines la SlfBR corresponds tc ibs oc« in ?A*E. 

73.  first woiJ of pavtarn subrouTin* Is put in A register. 

73.  41 #ori is not ner^xlr*,   control Is transferred to CTIO (78) •,© 

we* wt«ta«r f*\a,3   .•-:' subroutine eei-responds to sase off the one in 

Js*K- 

74-  if t'iu Of a 1* n«jrative, the;* is no subroutine in BU3R which 

^s-^ssrcri- to tss one £a SAHK.  Control is transferred to K£it£S 

to indicate an error in a pattern subroutine. 

75.     The dif/erect  bits of XsffjnHtt'9tt^tmm  separated  ff realise  first 

prevord   it  the pattern «%fefou"tl&e  and  fteeKU K'A 

TEMP,   ths  BtTts  cf  the  -subroutine in -SAl'Jf'jPe- ^ubtsacted froa  th«> 

uasse  of   Hss  subroutine   In  SUBR. '   \ 

/6.     CT CT11 \ -"' 
s 

77. LOCAT Is adjusted eo  tfttri, process »«y Jte'repeated with ths next 

pattern  subroutine  la  SUte- 

78. SU 2M-*~ 

79. Z\   C~i2 

80  Shea *i»r-?*i»? •.»;•* subroutine in SUSS is found TALI- is set to eero. 

The nwaafe©? sf s4&?eaav« to be inserted in subroutine is stored in T3, 

T&* b#ock tita^ier instruction whi«?h transfers instructions in subroutine 

is stored in TS.  The block transfer instruction which transfers in- 

structions ir, subroutine to SAJSE is  set up. TALI is set up with aegativo 

rf the nusbsr of feddz^ases to be inserted is subroutine is right-address 

position.  TALI 3 Is set ftp with the negaftiwe of ts« number of wads 

1c subroutine referring to ordinary -ina%:ructions, 

ai.  TALI2 is increased. 

»?. 
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SOTS;  TALX2 iiisjitsisB the negative cf itno Ru«b#sr of •!* for(mC«» 

ID preword ywf to a« «on»i4*f»^ 

S3. It  TALI 2 is not negative, control is transferred to §7. 

S3.  If TALI3 i» negative, control km  tranererre© to Si-. 

•4.  TALi*3 ic set up with binary equivalent of five io right-address 

p&sltiea.  The next preword of dif/aresscea is put In T4. 

tS„  first differ©""* is taken out of T4.  Address of instruction 

*her-s variable is to be inssrtsd in deteralsed and the variable is 

inserts?!.  TA'-I is iac.-eaned. 

99.  If all the variables h»v» been inserted is appropriate in- 

struction words, control is transferred to 91.. 

9?.  If ail the variables have not been inserted, control A* trans- 

fers* io CT23 194), 

99.  «bea ail variables have been Inserted in the appropriate in- 

struction words, ths Instruction words of the sub—jj hit are trans- 

ferred to BAffK.  Control is transferred to STAST. so that eaoh in- 

struction way be traaslatsd. 

•9,  Serb la BAN* is put in the A register. 

90*  if word is aot negative, control is transferred to 11,19(11). 

9.1.  If the word is negative, oostrsi is traasferred to 11X019. 

93.  if the word In BAMl is as ordinary instructive^ tfeo adVSress 

e&d operation are aep&ratsd.  Address is stored la T2 and the 

operatlea is iftcggd i» OPSEM.  Prow left-hand letter of the adcroas 
TH£    Ore T .'••> KJ • •},-' •-' 

It   is •aeetetraisied to which block of/jit belongs.    Address  in 8T0HK  is 

subtractae  irem v.be first aSwress of  <fcbi* block of variables.     Til© 

difference will s* .negative er «#*•«? 

9-3.     if the diffe?ettc>«  i» aero,  control  is transferred to SUOL. 

94.      AX   the  dii£«r«i«c<«   in   n«g*ti?s,   tu#  eeg&tive  of   tk»#  E.«8»«H»*   <s£ 

«»risb,'.-a  in bloc*  i* obt* u\«d by subtracting r&ddrecs of  the  first 

'r*r;8bk   ia  o'io-c*  just  below  fro*  £b« a«sdr#s« of  Zlrct  variable  in 

s*u 

I?»?e^§lt5»5£a39a^^ 
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this Itl&ch.     this maaber la stored ID TALI.  Control i« tre&JL?*afred 

t© £.**». 

9©.  If a±t*mr<me*  *<$  sero, Zba hl&ak  of variables t^at has to too 

aen?et»««i i# th» i««* »>!«•»: i- *-s© s&etioatry. The aayative of the 

nnaber of varlablea in vain blo-sk is fnea-3 «/ subtractlag i »*»« aiSTL 

from address of first variable ta irbfH. This is etoxed In TALI. 

96. Tba dictionary word is ;i-t!t is the .4 i*»sri»i»r. 

97. C*  CTA 

99. If the dictionary word is stored o«*atl*slv.   tha Md!"***  la e* 

a  left-order  Instruction so a negative ?»rd in nut  is LBML 

WOTS2     LOKS will  fca rexarrsd  to  later only if the operation la 

a variable one.    For axaspls,   if the operation la  m.  LOSa will 

indicate whether right or Ivxt. 

tkm eegatlve of *b»^g»mieiau>p.jrfrrd is pvl  in tho a r«£**«r. 

Control is tvaaptfeefelr \P «SiU*|S^V 

#9.     If dictionary **?rd is £os**Jlve,  **ro*4« s&ered la LOW.     Tae 

dictionary word is tat is kt   yMT( IA ' 

100. Hii SjrsjBollo a^fs#s of »se»**«c££i9a is «frt**r>»cttoo *'SJ« syietecli© 

fore is di4J?io»*r*; ""^s^ 

101. CT CTS ""~~~" 

102. f€ UST 

1.93.     «ii  ii.44 

134.     CT *FT 

1I4SS, «•**   * 

S.03.    idj»ati)»ata a?* s«d«   >. isstrsstloas to r«ySaS th«» process with 

seat  wwd ia dictionary. 

f*LI  is iacnaased. 
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107.  If so *crd ie dictloaar? is found which eorr^spesde to address 

of lactruction, control is trissfe-js-roU to sOXJD to stoa) inatmetiOK 

estil 9em  address is inserted to dictionary 

109. it  there are sore variables to *»rn vlth, *cst?~l is trans- 

ferred to LOO? {£»} to repeat too pvooene* 

109. Operation and address aro separated. 

Opesrai £ea stored is OPTXM 

Address is stored is eynboiic fora sftsr the last lost roc tics ic 

HOLD. 

h £j#gative word is ptst la HD1P, to indicate whaa operation is 

trnnsl*t«d. that it is to toe stored in HOLD. 

A ssro ie p«« in Tl. 

8HLD is Increased. 

AS.Awmmm of stor^e^Hre^|'i^.-JIBSf*^^»*tr»ction is to be etcsred 

is stored in KAOCL/Hti the negative of^hVneaher m 8VICB is the 

fo*t?-***s*fe hit df the etorase word i* AadWti whether the i»- 
l cwOHTUA a straetlofi is to hcXstored in the left or rifot»fcnad or«ei» of the 

storage word. %   .  ... y' 

KAJDsO.v is increased. 

Control is transferred to TCS. 

110. Machine Hvtm of address is stored lit right-tddrees position 

of  Tl. 

Word in Q&lWss is jst is the A resleter. 

ill.    A aon-Aetfatifw word indicates that «©*•« i» the second oas s»f 

m. block t*a»fsf*r «or<«-     These  is no ©jFaration to he tr»aelst£4,   so 

CMstvol  *:* israasf erred to I3TOP, 

1.13.       TALI   AK>   •»#*.    'iv   itcru> 

Ad.jastaente ar® *a^ to fiad the sachice code far opevfitior. 

IIS,     0pet1*tiaa word  is pat   4s A  rs^lsfesr, 

»2 



114.  C? AL39 

iifi.  If osorttiOB word is aogatiro, BO word in list of oaoratioa* 

la foaad to oorrosaoad to oaoratioa of ia*irwetio». Control la 

traaaforrod to BliBOP to ladloata OFFOST la oaoratioa, 

119. Sfwvollo for* of e*oratioa of lsatraotioa la ss*t?£otod froa 

•rwbolAc term  of oaoratioa atorod la Kasblao. 

117. Ct CTlOl (lie) 

lit.  if dlfioresea la aet aoro, isatrsotioss ars aodlflod aad TALI 

la iBoroaaod. Costrol is trasafarrod to CSEC2 to roaoat areooaa 

with sost t»*eratios stored is the aaeklao. 

lit. S3 tt*4 

IS©. CT CTlo* 

191. Baefeis* oodo of oaoratioa la addoiS to address atorod is Tl ead 

roaalt la aterod la Y^^^^^sJsgSt^aa<ad froa saasor la TALI to 

aoo if operation y§ a%o*ef too first f6*?§*W&**** iaatraotloaa. 
/ "..._. . .. 3TAti • \ 

lit.     if o??nt)^ is soy TaiTiS«i>»r |ajMitrol As traaoforrod to SoHMP. 

11*.     If osoratlak is varl&dlo,  HDIF is pet \h A register to aoo if 

iaatraatioa is oao \fca<t..la to »»t la HDL&jti&tu aoo addreases ar* 

a4w&s ie d#3%io«BS7. 

1*4.  if UK* la sot aotative, isstrestlea la aot to be atorod At 

HOLD. Control la traaaforrod to ESQ. 

195.  If tfes iestruotioa lavelvoe aa addreae which has eot yet boos 

»*si is too diotloaajry aad if tho laatreaties iavelroe oao »f the 

VAiflsfel© oseratio&s, thtm  the SMtehiae fene of everatiea is addod to 

l:h* a?/«bolie for* of cao addrosa aad tho result is atorod aeaatiwwlv 

is i&jua.    Coatrol la traa»ferred to fASW. 

S3 
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tsa3     if  tfe i   iE£tnsatl*SE  izsirelvea •  7»»rlabl«> v*<^ssstloa l*wt   lie not  to 

be stored  4» BOLD,   thea it  Is detereia*'! iron tfc® «?©rd  %m LO'AB whet&or 

®r not the address referred to ia tho iastraotloti is tho rlsjht or 

left-hand order of the storage word. 

187.     If too word ia LOIS ie aot eegative,  tho address refers to 

too left-band order of tho storage word,    Rotates seed ho dooo abwrt 

altering tho operation, so soatrol is traasfersfod to fair?. 

X2S.     If the instruction iarolres a variable operation and if LOX& 

iadioatoo that the address refers to tho right-hand ©rder of tho 

storage word,  the smehiae eode for operation is laereaeed by one and 

result is stored in Tl.    Control is transferred ta TAB?. 

lit.     If Instrttstioa does set ISTSITS one of the variable operationo, 

it la detorsinwd xro* the word lo iQBP whether or not  last root lee is 

to be stored is BOLD. 

130. If SBS9 eeataias a *ee-ft&li*~* word,  lnotrwetlon is net to 

be stared in BOLD sad e/rirtppi aJ^aw^tptsjWPByto TAW. 

131. If «S» ooataids a negative w^,. thd^pdhlae for* osf eperatioa 

is added to ayebel ieV'for*, e i js4feM i^jf^a^ yews it ^s stersd j»«itivel? 

*<% 801 r.    Coatrol is\rsasfe»r«d to **•*-. / 

1.31.    The *e«r4 la CTJESsSw^i' 

133. h Peeiiive neaber i» BTICS HUIleates ca ordinary laetrantte* 

a^d sost?*i is transferred to Tag (131). 

134. fk eefaftre word in 9V1WD ladleatee a slosh transfer instruction 

Coatrol is transferred to NOP to tshs s*rs e* tb« seals ««r4, 

l«f#.    The word ia awiCl is pe*  in the A register, 

13d.     If word is «*>«  negative, eoeinsl  is transferred to CTtP. 

137.    A seratlrtf SSffd ia SWIC3 IwgaeAtws the*,  the  last roe tiea  «.*  to 

be stored ia/fcfce left-basd order of the ooetrol word,    TOO ooded in- 

struction ia 11  ie shifted to th« iof?--haed order of tb» wor£ a%d 
94 
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1a stores, in FOAM.     timiCB la roast &ed control   As tra»nferr#d to 

iac*. 

131.     A poaitivs wrt  |a  iWfCH isdic&t«« a  rightHtNtr i«»irootion, 

lestractlea le Tl  la adds* to laetraotlOR is FORM to faro a word 

wit a anrlffh*  »ad  Jsrt-order inotrootioa,  8WICK la rtMt  ass POSM is 

•at  to aoro- 

139. TALI3 1* laovsaasd, 

140. !f TALI3 ie not negatlra,  thars are so »»re vorda ia BAMI to be 

takes oars ©f,   ao control  is traaafenied to BDST. 

141. if T&LI3 la sedative,  thare aro sore vorde is BASK to traaelate. 

Work is roset aad oactrol  ia transferred to STAfiT. 

14,2.     Si «•»•>«  is OAK* ia negative,   it vlll be either % shift or 

n bleek traaafor iaatrastloa.    The positive for* of ine «erd la pat 

ia Td tarf it& As    **?«! is seiftsd so that ealy too first ait ia la 

A.    S544 ia sabt?£3*#d fro* part *««alalag is A. 

I4i.     If raawlt is set asgaJJjtSr •**•*. iaatraotioa involves a bleak 

traaafor, ao coatrv^*.. ttfetaa*&rS4«i'tq JB^S? 

144.     If r*a*lt  ijg 4feg»tivs..lastraBtifta I avalva« a shift.    Tea aaeber 
^ ...---•••" . . i 

of bits to be shifted isg^j^ai iaV-TS-.    Ceatjfol is traasfsrsrad to TCB 

te translate tlteNcaasriti^.*. 

14a.    SVICR la pat S^ Stea-A'register. 

140.    A gs<eeitive ward in «SWi fs£«eatea that tbs iitetmaotiea that waa 

«*sst traaaleted m a>l«ft-fcajnt c=-« sad ems stored ia -U,    Coatrol la 

tranaf#»!P«d to CfT. 

147.     if prevletso lastrection vaa a right-o^de? oste-  «ogtr*»J. ia 

ir*ssf®rsf-«d to TCI  (14»). 

144.- »J»e* a feloefe tssaafer iesSrcctioa take?. u» & ifels weird, ifea 

.?irkt-'niiMd oarAar of prer/ietee lostrsct^oa is *e* to sero if $?«rieo* 

instruct Aon was a ieft-©r*ier ©ae..     iaetructioa  is atc»r.«d.     S9ICK ie reset 

s^Kts AP *«Ms?a*o«»d, 

... 5.. .,.-..,-.- ...•  .,-..,  -~   •   -        .^^s:^^^^^^^^^^^^^^^^^^-^^^^^^??^^.,^^ 
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£«».     BTIHD its Mil  aad eostrol  ia irassfarre-d to tSATB te trrorlata 

fftoe ftrat part of tba laatiroeti&M a»s ** ortfiaarr iaatraetloa. 

p?i©,    9hea xiret word o*f alook traaas^r iaatiracitioa ia traaalatag, 

lit ia atorad la left-base erdar &i STUP,    OHii» ia aat  ao taat ooljr 

*b» addrea* of tha *•«» eerd will be traaaleted.    *©EK la reeet. 

ffiso  fcwo parta of tba aeaoad bloak ir&ssfer word arc eonparatei.     Tba 

iiwrtwr of vorlle to be treaaferred la etored la T7.    addveaa to be 

craaelated la atorad la T2.    Caafiol  la traaeferred vc aK7 to tyaaa- 

fia. > tha addraaa. 

Bfil.    Tu* ossplete blocs tsrauefer isataaovlca la aat cp *» A refieter 

ft a treaalated 2©ra.    Control la treseferred to PIJICS to stoi?e in- 

mtraetloa la 'Appropriate Mac*. 

:u92» MBMBK is reoevdod oa aagaetio ?.*p* to indicate aa afro? ia tba 

allot loaarp wnrery. 

i.uS. asxb &a reoordod oa segaetlo tapa to iadieate aa error ia a 

js&ttoya sstvoatiaa. 

UM.    OPMCtt ia roeerded on muraatio tapa to iadieate aa arnwr ia tba 

«*pesaa*ioaa. 

\ 

rv 

|gg?l^!i3«si^#§ig^^ 



ST3HKWJK H •tti^'"^i ww^a«a»»'^t•/^^»w^•^»;•R^^^o•I^i'liH^wf=*'-•:..'   •^^^^^^sm-'i9imss3b^^!rr^^^^5f^'y^>ti^^^^£^ 

*£mSBQMm$k 

©s Aaaawsi*  I **« <fo**> at taa S»v#.i 5*sa*7s£) Lafco:?- 

atovy *ttb to* aaalataaea el' 1, *?**»»• 1 off tha Naval Saaaaveb Lab 

«t*tfe?y,  Had 8. Aadaraas*  $**wr&y of fnfts College aad BOW at tha 

•aval HtMNM Laboratory,    tha v?rk ca appoadia I* aaa doao with 

%mv ».»«is*ascs> of 7.  Spats ws ?*•£*» Co2i«g«.     Tb« coding mymtmmt 

J 
la as est«a»£v«t ajLaaavatloa % -" pra* leas* sora doaa at Cearaaii aero - 

aaatieal laboratory ssdor a ooatraet «a§pp©fft«4 by the cifis* of 

Waral *****?««». 
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